Objective: The purpose of this study was to evaluate the influence of body condition score (BCS) at calving on the metabolic status of female Murrah buffaloes in the transition period. Methods: Thirty-seven pregnant buffaloes (multiparous) were selected and monitored during the transition period based on their body condition score and on the estimated calving date. Two groups were formed: i) buffaloes with a BCS>3.5 (n = 17); this group was classified and named 'high BCS at calving' (HBCS); and ii) buffaloes with a BCS≤3.5 (n = 20); this group was classified and named 'low BCS at calving' (LBCS). All animals were monitored during the last 30 days of pregnancy and the first 70 days post-calving and kept in the same environment and under the same feeding and management conditions. Mean values for BCS at calving were 2.98±0.9 (mean±standard error of the mean [SEM]) and 4.21±0.9 (mean±SEM) for the HBCS and LBCS groups, respectively. Results: The HBCS group showed higher milk fat content (p = 0.007) and milk fat yield (p = 0.027) and a higher concentration of milk urea nitrogen (p = 0.001) than LBCS buffaloes, which in turn had a lower urine pH value (p = 0.033) than HBCS buffaloes in the pre-calving period (7.86 for HBCS vs 7.76 for LBCS). The HBCS animals had a higher concentration of erythrocytes (p = 0.001) and hematocrit (p = 0.012) post-calving and a higher hemoglobin concentration (p = 0.004) pre-calving. Conclusion: Buffaloes during the transition period exhibited some variations in the oxidative stress related to their metabolic status. After calving, buffaloes with a high BCS at calving and greater lipid mobilization have a more marked alteration in oxidative status, but improved produc tion performance.
INTRODUCTION
The transition period is characterized by a decrease in feed intake and an increase in fetal growth and homeorhetic adaptations [1] , including mobilization of body reserves. The difference between the lower nutrient intake and increased energy requirements of females for maintenance, own body and fetal growth, and production of colostrum and milk for the newborn leads to a physi ological imbalance called negative energy balance [2, 3] .
Calorimetry studies on high-producing dairy cows have estimated a negative energy balance of -22 MJ/d in the sixth week of lactation, decreasing to -9 MJ/d in the twelfth week [4] . To reduce the intensity of the negative energy balance through homeorhetic adaptations, a number of metabolic reactions are initiated, with a consequent mobilization of body re-serves (especially fats) and reduction of body weight (BW). The lipolytic activity observed with the reduction of body reserves could contribute to 33% of milk yield or maintain the production of 120 to 550 kg of milk in the first weeks of production, in dairy cows [5] .
The lipolytic activity is correlated with the formation of ketone bodies, which, when in excess, are negatively correlated with the animal health, causing metabolic disorders (ketosis, hypocalcemia, abomasal displasia, and fatty liver), and a reduction in immune response generated by oxidative stress [2, 3] .
Oxidative stress is associated with the body condition score (BCS) [6] , a method to assess the body condition of the animal that is highly correlated with the mobilization of body reserves. Body condition score has the advantage of being a quick, effective, economic, and non-invasive approach. Despite its subjective nature [7] , BCS is very important in the establishment of adequate production-management techniques [5, 8] .
The objective of this study was thus to evaluate the influence of BCS at calving on the metabolic status of female Murrah buffaloes in the transition period. Our hypothesis is that a higher BCS at calving positively influences the concentrations of meta bolites in the post-calving transition period, changing the oxidative status and increasing the production performance of these animals.
MATERIALS AND METHODS

Ethical aspects and location
This study was conducted in strict conformity with the recommendations of Brazil's National Council for Animal Experimentation (CONCEA). The undertaken experimental procedures were approved by the Ethics Committee in Animal Use of the School of Veterinary Medicine and Animal Science of the Federal University of Bahia, Bahia State, Brazil (no. 39-2014).
Animals, housing, and feeding
The experiment was conducted in a commercial dairy herd of Murrah buffaloes (Bubalus bubalis). The average milk yield per lactation (300 days in milk) of the herd was higher than 2,400 kg. Thirty-seven pregnant buffaloes (multiparous) were selected based on their BCS and on the estimated calving date. Two groups of BCS at calving were formed, as follows: i) buffaloes with a BCS >3.5 (n = 17); this group was classified and named 'high BCS at calving' (HBCS); and ii) buffaloes with a BCS≤3.5 (n = 20); this group was classified and named 'low BCS at calving' (LBCS). All animals were monitored during the last 30 days of gestation and the first 70 days post-calving and were kept in the same environment and under the same feeding and management conditions. Mean values for BCS at calving were 2.98±0.9 (mean±standard error of the mean [SEM]) and 4.21±0.9 (mean±SEM) for groups LBCS and HBCS, respectively.
The BCS was statistically different between the groups (p< 0.001). In the post-calving period, all buffaloes were fed chopped elephant grass (Penissetum purpureum) and a concentrate in the form of total mixed ration immediately after milking. The diet (Table 1 ) was formulated to meet the requirements of lactating buffaloes producing 6.0 kg/d milk with 7.0% fat and 4.2% crude protein (CP) according to the recommendations of Paul and Lal [9] . [10] . The NDF was analyzed using α-amylase without addition of sodium sulfide to the detergent (TE-149 analyzer, Tecnal Equipments for Laboratory Inc., Piracicaba, Brazil). The concentrations of NFC were estimated according to [11] , as follows: NFC = 100 -[(% CP -% CP from urea+% urea)+ [13] .
Body condition score, body weight, and clinical parameters During the study, BCS was evaluated using the body-condition scoring method for Murrah buffaloes according to Anitha et al [7] . A graph was used for the classification of condition on a scale of 1 to 5 using 0.5-point subunits. Measurements were taken weekly by two trained evaluators pre-calving (-28, -21, and -7 days), on the calving date, and post-calving (+7, +14, +21, +28, +35, +42, +49, +56, +63, and +70 days). The BW was obtained on the same days and used to determine the changes in body condition score and in body weight (BWC). Rectal temperature and heart rate (beats/min, using a stethoscope) were also measured.
Analysis of metabolic status indices
Blood samples were drawn weekly pre-calving (-28, -21, and -7 days), on the calving date, and post-calving (+7, +14, +21, and +28 days). Immediately after collection, samples were centrifuged at 2,000×g for 15 min at room temperature to obtain the plasma. Plasma samples were sent to the laboratory and analyzed for complete blood count (erythrocytes, hemoglobin, and hematocrit); mean corpuscular hemoglobin concentration (MCHC), by the cyanmethemoglobin colorimetric technique; mean corpuscular volume (MCV), by the micro-hematocrit method; and leukogram (leukocytes, segmented neutrophils, red blood cells, lymphocytes, and neutrophils), by the MayGrunwald Giemsa method. The serum was transferred to plastic tubes that were identified and stored at -20°C until analyses. Analyses were performed using commercial kits in an automatic biochemistry analyzer (BioSystems, Foster City, CA, USA). Blood samples were harvested to measure the serum glucose (K048, Bioclin, Belo Horizonte, Brazil), total protein (K031, Bioclin, Brazil), albumin (K040, Bioclin, Brazil), total cholesterol (K083, Bioclin, Brazil), urea (K056, Bioclin, Brazil), triglycerides (K117, Bioclin, Brazil), calcium (K051, Bioclin, Brazil), and phosphorus (K068, Bioclin, Brazil). Urine samples were collected from all animals approximately four hours after the morning feeding, when the buffaloes urinated spontaneously. Urine aliquots of 10 mL were immediately diluted with 40 mL 0.036 N sulfuric acid and stored at -20°C for later analyses pre-calving (-28, -21, and -7 days), at calving (until 24 h post-calving), and post-calving (+7, +14, +21, +28, +35, +42, +49, +56, +63, and +70 days). The urine pH values were determined using a digital pH meter (MB-10, Marte Científica, MG, Brazil). In these samples, we determined the concentrations of urea (fixed-time kinetic method; K056, Bioclin, Brazil); uric acid (UA; enzymatic colorimetric method -K139, Bioclin, Brasil); calcium (Ca; end point colorimetric method -Arzenazo III -K051, Bioclin, Brazil); and sulfur (S) and chlorine (Cl; mercury thiocyanate colorimetric method -K050, Bioclin, Brazil). Potassium (K) was determined using a MH 9180 ion-selective device (MH LabISE 9180, Belo Horizonte, Brazil).
Statistical analysis
The data were analyzed by the PROC MIXED procedure of SAS [14] , according to the model of repeated measures over time, with normality of residuals and homogeneity of variances checked by the PROC UNIVARIATE procedure. The model was used to estimate the effect of physiological stage (week), BCS group (Group 1: BCS>3.5, or HBCS; Group 2: BCS≤3.5, or LBCS), and their interaction on oxidative-status indices:
Where Y ijk = dependent variable; μ = overall mean of the popul ation; W i = mean effect of the physiological stage (weeks) (i = pre-calving, post-calving) with the physiological stage as a repeated factor; BCS j = mean effect of BCS group (j = 1 and 2); and e ijk = unexplained residual element assumed as independent and normally distributed. For each analyzed variable, the buffaloes from both BCS groups were subjected to three covariance structures: compound symmetry, autoregressive order, and unstructured covariance. The data were analyzed on sampling days relative to the calving date, with day 0 representing the calving date.
RESULTS
BCS and clinical parameters
The HBCS group had a higher average BW and BCS than LBCS group in the pre-(p = 0.001) and post-calving (p = 0.001) periods (Table 2) . There was an effect of weeks (p = 0.001) and an interaction effect between weeks and groups for BW (p = 0.001) and BCS (p = 0.001) during the pre-calving period (Figure 1A , 1B). However, there was no difference between the groups for BWC pre-and post-calving. There were week effects (p = 0.001) on BWC pre-calving ( Figure 1C ). HBCS buffaloes exhibited higher BCS values than the LBCS group during the pre-(p = 0.001) and post-calving (p = 0.001) periods ( Table 2) .
The HBCS group showed a higher urine pH value (p = 0.033) than the LBCS group pre-calving (7.76 vs 7.86, respectively) ( Figure 1D , Table 2 ). There was an effect of weeks (p = 0.001) for the urine pH and heart rate values (p = 0.029) during the post-calving period.
Milk yield and composition
There were no differences for milk yield, FCM, total solids, solids nonfat, protein, and lactose between the groups (Table  3) . However, the HBCS group had a higher milk fat content (p = 0.007) and milk fat yield (p = 0.027) than the LBCS group (Table 3 ). There were week effects for the milk protein and lactose concentrations. The HBCS group had a higher MUN content (p = 0.001) than the LBCS buffaloes (28.7 vs 21.2, respectively) ( Figure 2C , Table 3 ). There was a week effect in the lactation period for milk casein concentration, casein as a percentage of crude protein, and MUN ( Figure 2B ).
Metabolic parameters
There were no differences in the concentrations of erythrocytes, hematocrit, segmented neutrophils, red blood cells, and lymphocytes between the groups in the pre-calving period (Table 4 ). In the same way, no differences were detected for the concentrations of MCHC, hemoglobin, red blood cells, and lymphocytes between the BCS groups post-calving. However, the HBCS group exhibited higher concentrations of erythrocytes (p = 0.001) and hematocrit (p = 0.012) post-calving and higher levels of MCHC (p = 0.002) and hemoglobin (p = 0.004) pre-calving (Table 4 There was a week effect in the post-calving period for the concentrations of erythrocytes, hematocrit, and leukocytes and in the pre-calving period for hemoglobin and leukocytes.
No differences were observed for the concentrations of glucose, urea, triglycerides, and phosphorus between the two groups pre-and post-calving ( Table 5 ). The HBCS group presented higher total plasma protein (p = 0.035), albumin (p = 0.036), and glo bulin (p = 0.046) in the pre-calving period. However, the LBCS group showed a higher total cholesterol (p = 0.029) and calcium (p = 0.003) post-calving. There was an effect of weeks on the concentrations of glucose (p = 0.040) in the pre-calving period and for concentrations of urea (p = 0.004) and total cholesterol (p = 0.005) post-calving.
Urinary concentrations of K, S, Ca, urea, and uric acid did not differ between the two groups during the pre-and postcalving periods (Table 6 ). Likewise, there was no difference for the Cl concentration between the groups pre-calving. How- 2) Probability values for group, week, and interaction between group × week (Inter).
3) Fat-corrected milk = (((fat -40)+(protein -31)) × 0.01155+1) × prod; where "Fat" is the fat content (g/kg), "Protein" is the protein content (g/kg) and "Prod" is milk production (kg).
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Delfino et al (2018) Asian-Australas J Anim Sci 31:1756-1765 ever, the LBCS group showed a higher Cl content (p = 0.010) pre-calving. There was a week effect for the concentrations of urea pre-(p = 0.007) and post-calving (p = 0.014). There was an interaction effect between weeks and BCS groups for the K concentration (p = 0.030) post-calving.
DISCUSSION
It is known that transition dairy cows with a high BCS lose more BW and body condition than leaner cows [15, 16] . Over time, buffalo rearing has shifted from a backyard activity to commercial farms and big companies. The immense popularity of buffalo milk and meat-based products has allowed buffalo production to follow the dairy cattle industry. However, in order for this species to perform optimally under the pressure of intensive production systems, buffalo breeds must be improved and research should be conducted with a clear focus on the transition between different physiological stages and alternations in the lipid metabolism [13, 17] . The BCS at calving explains the concept of homeorhesis, which was defined decades ago as a set of metabolic alterations in the animal that has a genetic key to safeguard important biological functions such as the survival of the newborn (through milk provision) or reproduction [18] . During the pre-and post-calving periods, the HBCS group had higher BW and BCS than the LBCS buffaloes. These results are related to the method adopted and the correlation between BW and BCS [7, 16] . We observed that the BW loss and the BCS change (65.2 kg and 0.78 points for HBCS vs 51.5 kg and 0.64 points for LBCS) of the groups during the transition found between the pregnant non-lactating and lactating non-pregnant physiological stages ( Figure 1C ) was mainly due to the increase in BCS before delivery.
The animals from the HBCS group lost 9.6% of their initial BW, while the LBCS animals lost 9.0% of their weight (Table  2) in the pre-calving period. The recommended BCS at calving for dairy cows may be different for dairy buffaloes due to differences in metabolism between the species. The endocrine profiles change [17] and the lipolysis and lipogenesis are regulated to increase the lipid reserves during pregnancy; moreover, the lipid meta bolism is regulated by homeostatic and homeorhetic mechanisms [18] . Lacetera et al [19] concluded that, after calving, cows that showed an elevated BCS at calving and high lipid mobilization displayed a more pronounced alteration in oxidative status. These conditions may make the cows more sensitive to oxidative stress. In female beef cattle, blood somatropin concentrations are lower and the insulin concentration is higher when compared with dairy-purpose breeds. Breeds have shown decreased milk production according to their dry matter intake [20] . In this study, we have shown that BW and BCS were lower for the LBCS group, indicating that bubaline females present a similar physiological and metabolic MCHC, mean corpuscular hemoglobin concentration; MCV, mean corpuscular volume. 1) HBCSC, high body score condition at calving (mean of the group = 4.21); LBCSC, low body condition score at calving (mean of the group = 2.98).
2) Probability values for group, week, and interaction between group × week (Inter).
pattern to that of female beef cattle. We measured some clinical parameters regarding oxidative stress during the change in physiological stage and there was no difference in RT between the groups. Rectal temperature is an important measurement in the physiological assessment; it is correlated with oxidative stress and albumin production [21] . Celi et al [22] evaluated oxidative stress in dairy cows in the transition period and observed lower plasma albumin concentrations near calving in comparison with a higher concentration at 21 days post-calving, indicating that the cows were under oxidative stress.
The HBCS group had a higher urine pH value than the LBCS group pre-calving. Alterations in urinary pH were associated with increased urinary production of Ca, and the metabolic acidosis could have increased the Ca reabsorption of bones and intestines; the Ca absorption has been attributed an increase in the synthesis of 1,25 (OH) 2 D3 [18] . Nevertheless, we did not observe differences in Ca excretion in the urine between the BCS groups (Table 6) .
Milk yield was expected to change with the evaluated BCS. However, no differences were detected in milk yield between both BCS groups, although the HBCS group produced 0.75 kg more. Experiments with dairy cows [5, 8, 23] have shown that animals with a high BCS at calving had a higher milk fat content. This result may be related to the greater mobilization of body reserves in animals with a higher BCS due to the greater mobilization of body fat (non-esterified fatty acid) from the adipose tissue into the bloodstream [23] . This change can contribute to increasing the group of fatty acids that form the milk fat, thus favoring the capture of long-chain fatty acids from the blood to the mammary gland and resulting in greater incorporation of the milk [23] . Anitha et al [7] The HBCS group showed a higher MUN content (p = 0.001) than LBCS did. Several factors can change the MUN content, especially nutrition, with an increase in protein intake or an increase in ruminal-degraded protein [25] . The body protein from catabolism and the deamination of the excess dietary protein can contribute to the pool of blood urea nitrogen. As the blood is secreted from the mammary gland, urea is diffused into and out of the gland, coming into balance with the blood urea. This process allows MUN to be an excellent predictor of the blood urea and urinary N [26] . The HBCS group showed higher concentrations of erythrocytes and hematocrit post-calving and greater concentrations of MCHC and hemoglobin pre-calving (Table 4) . Physiologically, at the end of pregnancy, the number of red blood cells increases as a result of the erythropoietic effect of the chorionic placental somatotropin, progesterone, and prolactin [18] . The erythropoietic effect is the formation of red blood cells, white blood cells (lymphocytes, monocytes, eosinophils, granulocytes, neutrophils, and basophils) and platelets. Similarly, the increased blood volume is a response to the placental uterine circulation and to fetal development, maintaining the tissue oxygenation and blood pressure at adequate levels. However, the nutritional condition can alter the blood volume, the erythropoietic effect, and milk yield. High-producing animals exhibit lower concentrations of blood erythrocytes [27] .
The HBCS group showed lower concentrations of leukocytes during the pre-and post-calving periods and a lower level of segmented neutrophils post-calving. Leukocytes participate in the protection of the host against the pathogen and in the monitoring and removal of non-self antigens. The increased blood leukocyte concentrations can be attributed to the lower nutritional condition of the LBCS group at calving. This occurs because an efficient immune response is based on the interaction and on the balance between different types of cells and their products. As the calving date approaches, the total number of leukocytes increases, mainly as a result of the absolute increase in number of neutrophils [28] .
High neutrophil levels were shown by LBCS group pre-(p = 0.032) and post-calving (p = 0.034). The decline in nutritional status and increase in oxidative stress can increase the neutrophil concentration, which is explained by the fact that the phagocytosis of the microorganisms is the main function of neutrophils [28] . This represents one of the main lines of defense of the host against pathogens; leukocytes, mainly, are often produced on a large scale in hosts with bacterial load.
The concentrations of urinary metabolites were similar between both groups in the present experiment, except for Cl (mg/dL), which differed between the groups post-calving. The K and Cl concentrations are necessary to maintain the osmotic pressure and acid-base regulation [29] . In the peripartum, there is a positive correlation between the concentrations of calcium, phosphorus, and albumin in the blood [30] . The low concentrations of calcium and phosphorus in the blood observed in the negative energy balance are possibly necessary to sustain milk production [31] . Fiore et al [32] found differences in the blood concentrations of K, Cl, and Ca between the pre-and post-calving periods.
CONCLUSION
Buffaloes during the transition period showed some variations in oxidative status related to their metabolic status. After calving, the buffaloes that had high BCS and lipid mobilization showed a more pronounced change in their oxidative status, but improved production performance. These conditions can make buffaloes less sensitive to oxidative stress.
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